This paper aims at applying the adaptive Tikhonov regularization to realize the simultaneous identification of structural physical parameters and input based on dynamic response sensitivity. The theories of the simultaneous identification algorithm and the adaptive Tikhonov regularization were first briefly introduced, and then a twelve story shear frame was studied for validating the proposed method. Numerical simulations with noisy measured accelerations show that the proposed method can accurately identify structural parameters and unknown support excitation from only several responses of the structure, and this method can provide a new approach for structural model updating or damage detection with unknown input and incomplete measured output information.
Introduction
In recent years, the parameter identification based on the structural vibration information and the damage detection based on parameter identification have become hot research topics in the field of civil engineering. Because input information is difficult to obtain or is difficult to be accurately measured in the practical engineering, structural parameter identification methods based on output information only have received much attention. At present, the composite inversion algorithms, using structural output responses to simultaneously identify structural parameters and input, have been widely studied [1, 2] . The solution of this kind of methods is related to the ill conditioned equation, and the Tikhonov regularization method has been found to be an effect way to solve this problem [2] . However, noise pollution of measurements is still a key factor influencing the identification accuracy of these methods. Now several improved regularization methods [3, 4] are being attempted to improve the robustness of existing identification methods to measurement noise.
This paper aims at applying the adaptive Tikhonov regularization to realize the simultaneous identification of structural physical parameters and input based on dynamic response sensitivity. Both structural stiffness and damping are taken as unknown parameters to be identified. The theories of the simultaneous identification algorithm and the adaptive Tikhonov regularization are first briefly introduced. A twelve story shear frame is taken as numerical example to validate the proposed method. Numerical simulations with noisy measured accelerations show that the proposed method can accurately identify structural parameters and unknown support excitation from only several responses of the structure.
Formulation

Simultaneous identification based on dynamic response sensitivity
For a general finite element model of a linear elastic time-invariant structure, the equation of motion is given by
Where M, C and K are the system mass, damping and stiffness matrices respectively. x  , x  and x are the acceleration, velocity and displacement vectors of structure, and G is the mapping matrix relating the support excitation acceleration g x  to the corresponding degrees of freedom (dofs) of structure .
Assuming the structural parameter errors are in form of  respectively, we have three groups of sensitivity equations. Both structural dynamic responses and their sensitivity can be obtained by using the Newmark method [2] . In the inverse problem, the parameters are chosen to best fit the experiment data. A penalty function method based on sensitivity-based analysis is adopted here. In the penalty function method, we have
where k S is the two-dimensional sensitivity matrix and k x   is the error vector between the measured and calculated output in the kth iteration.
The adaptive Tikhonov regularization
Like many other inverse problems, the solution of Eq. (3) is often ill-conditioned and regularization techniques are needed to provide bounds to solution. Tikhonov regularization [4] is the most widely used regularization method. In normal Tikhonov regularization, for the structural parameters, only Moreover, some known information in the identification process could also be considered as a side condition for a more accurate solution.
The adaptive regularization condition is given as
which can be further expressed as
The error function can be obtained with the least-squares method as , (
Where the subscript j denotes the jth element of the vector.
indicates that the accumulated change in the jth element is a decrease in structural parameter of the element. Thus Eq.(7) categorizes all the structural elements into possible elements with/without errors in each iteration.
The regularized solution is obtained by minimizing the error function as 0 / ) , (
Finally, an iterative computation is used to update the sensitivity matrix and identify the unknown parameters.
Numerical Simulations
A twelve-story shear frame structure severs for the simulation study. With the background of an actual reinforced concrete frame high-rise building, the structure adopts the full cast in place construction. The quality of each layer are m1=7092.4kg, m2=5723.7kg, m3~m11=5387.0kg, m12=4344.8kg. The stiffness of each layer are k1=3. without specification. ek and ec denote the relative errors of the identified element stiffness and damping parameters, and eg represents the relative error of the identified support excitation.
Noise-free case
In order to verify the proposed method and find an appropriate number of measurements for the identification, the identified results from different number of acceleration measurements without noise are firstly compared in Table 1 . It can be seen from this table that all the structural physical parameters and input can be accurately identified when the number of measured dofs exceeds three. Figure1 illustrates the convergence curves of the identified stiffness and damping for the 3rd element of the structure. This figure show the identified structural physical parameters quickly convergence to their true values for the two cases with 6 and 12 measurement accelerations. 3.84×10
-10 Figure 1 . Convergence curves of structural parameters of the 3rd element of structure identified from different set of measurement dofs.
Noise-polluted cases
The acceleration measurements in case-6 and case-12 and with 2% Gauss white noise are used in this identification. The identified structural parameters and support excitation from the two cases are compared with their true values in Figs. 2 and 3. It can been seen from Fig. 2 that the measurement noise has some effect on the identified results in comparison with results from the relative noise free cases. Although lager errors are found in the damping parameters, the identification accuracy of structural stiffness parameters is satisfying. Moreover, the identified accuracy of case-12 is higher than that of case-6, which indicates that more measurements are helpful for reducing the negative effect of measurement noise. Figure3 indicates that the identified excitation is less affected by noise in this inverse problem.
Conclusion
An adaptive Tikhonov regularization method was used to realize the simultaneous identification algorithm of structural physical parameters and input based on dynamic response sensitivity. A twelve shear building model was used for the study. Numerical simulations show that the proposed method can accurately identify structural stiffness, damping and input parameters from noise-free accelerations of over three DOFs. The measurement noise have more obvious negative influence on the identified damping parameters, but the identified structural stiffness parameters and support excitation both are close to their true values. The proposed method can provide a new approach for structural model updating or damage detection with unknown input and incomplete measured output information. 
